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Fig. 1. - Map of the drainage basin of the Kaskaskia River in Illinois. Collecting stations are numbered 
consecutively from the headwaters to the mouth. 
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AN ECOLOGICAL STUDY OF FOUR DARTERS OF THE GENUS 
PERCINA (PERCIDAE) IN THE KASKASKIA RIVER, ILLINOIS 
REPRODCCTION OF DARTERS of the genus 
Percina has been studied and reported on by Reighard 
(1913), Petravicz (1938), Winn (1953, 1958a, 1958b), 
New ( 1966 ) , Page & Smith (1970), and others. These 
and other studies, such as those of Karr ( 1963 ), were 
restricted to small geographic areas and do not demon-
strate geographic variation in aspects of the life history. 
The logperch, P. caprodes (Rafinesque ). 1 ; blackside 
darter, P. maculata (Girard ); slenderhead darter, P. 
phoxocephala (Nelson ); and the river darter, P. shu-
mardi (Girard) were studied in the Kaskaskia River 
during the period from June 1965 to January 1967. This 
river arises 4 miles northwest of Champaign-Urbana in 
Champaign County, Illinois, flows in a southwesterly 
direction for about 350 miles, and empties into the Mis-
sippi River approximately 7 miles above Chester (Fig. 
1). In its upper basin the Kaskaskia River flows over 
Wisconsin till. For a number of miles below the Shelby-
ville :Moraine, sand outwash predominates, but below 
Vandalia the river bottom is mainly Illinoian drift of 
sand, silts, and loams over a subs:-.il of compact clay. 
1 The population of logperch in the Kaskaskia River consists of P. 
caprodes carbonaria x caprodes intergrades. 
Fig. 2. - Percent of bottom materials 
at each station in 1965 and 1966. 
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By David L. Thomas 
Fig. 2 shows the types of bottom materials along the 
nver. 
The descent of the river is gradual ( Fig. 3), with a 
total fall of about 450 feet between source and mouth. 
The most rapid descent is through Moultrie County, 
where the river drops 3 feet per mile (University of 
Illinois 193 7) . 
Information on the distribution and abundance of 
the four darters was collected from 12 stations ( Fig. 1 
and Table 1). Because of their distinctiveness, four main 
areas were selected for further study: New Athens-
Evansville (Stations 10 and 11 ), Carlyle (8, 9), Van-
dalia ( 6, 7), and Sullivan ( 3). 
Much of the research was aimed at determining the 
relationships between the populations of these darters 
and the changing physical and biotic factors of the river. 
Information vvas gathered 0:1 habitat preference, popu-
lation structure, growth, and food habits, which allowed 
This paper is published by authority of the State of Illinois, IRS 
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original form by David L. Thomas in partial fulfillment of the require-
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TABLE 1. - Description of stations where the four Percina 
darter species were collected. Dates indicate when measure-
ments were made. Where two years are shown, average values 
were usecl. 
Station Number 
and Location 
Average Average 
Length, Width, Depth, 
Feet Feet Feet Acres 
Headwaters 
(1966) 182 39 0.8 0.16 
2 Arcola 
(1965-66) 197 43 1.6 0.20 
3 Sullivan-Bruce 
( 1965-66) 259 48 1.8 0.29 
4 Eagle Creek 
( 1965-66) 238 60 2. 5 0. 33 
5 Moore's Bridge 
( 1965-66) 342 62 1. 7 0.50 
6 Above Vandalia 
( 1965-66) 453 73 2.6 0. 78 
7 Below Vandalia 
(1966) 218 60 2 . 3 0. 30 
8 Above Carlyle 
(1965) 450 84 4. 9 0.86 
9 Below Carlyle 
( 1965~66) 380 85 3.6 0. 74 
10 Below New Athens• 
(1966) 527 106 3.1 1.28 
11 Above Evansville 
(1966) 300 120 2.1 0.68 
12 Below Evansville 
(1966) 300 125 3.8 0.86 
Distance 
from 
River 
Mouth, 
Miles 
286 
250 
232 
209 
172 
136 
108 
105 
47 
13 
6 
250 200 150 100 50 0 
MILES ABOVE RIVER MOUTH 
comparisons to be made of certain life history features 
over 350 miles of river. 
I am indebted to Drs. S. Charles Kendeigh, Philip 
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for helpful criticisms and suggestions in the preparation 
of this paper. I am particularly indebted to Dr. R. Wel-
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METHODS AND MATERIALS 
Specimens were collected from June 1965 to January 
1967. Additional material was examined from a collec-
tion made at New Athens on August 13, 1964. 
Most collections were made from June through 
August when water levels were usually low. At Car-
lyle a few spring and fall collections were made and at 
the Sullivan station collections were made throughout 
the year. 
The seine most commonly used was 12 feet long and 
4 feet deep, and had 3/16-inch bar mesh. Greatest ef-
ficiency was achieved in riffle areas of moderate current. 
Pools up to 3Y2 feet deep were sampled by dragging the 
seine over the bottom. 
Most collections were made during the day. For food 
studies, fish were collected both day and night on August 
17, 1966, from the Sullivan station. Another day-night 
collection was made there on October 10, 1966. 
In collections used in indicating habitat preference, 
the river's current, depth, and bottom materials, and the 
number of each species, were recorded for each seine 
haul. This permitted a rough quantitative comparison 
of habitats of the four darters. 
Quantitative collections were made during August 
and early September in both pool and riffle habitats by 
poisoning, using emulsifiable rotenone. Block seines were 
used at the lower and upper ends of the station. Potas-
sium permanganate was used below the station to oxi-
dize the rotenone. All small fish were preserved. Upon 
completion of a collection the average depth, average 
velocity, bottom composition, and total area were re-
corded. Bottom types were classified as silt, sand, fine 
gravel, course gravel, rubble, or bedrock. Current was 
measured with a Gurley pigmy current meter, set 1 
inch from the bottom unless otherwise stated. Tur-
bidity was measured using a USGS turbidity needle. 
Many specimens were handled in the field when 
making habitat comparisons and studying coloration. 
Some 167 maculata, 130 phoxocephala, 39 caprodes, 
and 52 shumardi were processed in the laboratory for 
total length, weight, and sex. Observations were made 
on gonad size, egg size, and egg counts. The presence 
of parasites was recorded. 
Stomachs were analyzed for 274 specimens of Per-
cina. Of these fish 71 maculata, 38 phoxocephala, and 
29 caprodes were from Sullivan; 16 maculata, and 20 
phoxocephala from Vandalia; 6 maculata, 32 phoxo-
cephala, and 2 caprodes from Carlyle; and 13 phoxo-
cephala, 5 caprodes, and 42 shumardi from the New 
Athens-Evansville area. 
All organisms were washed from the stomach, 
grouped into families, and counted. When whole or-
ganisms were not present, heads were counted, since the 
head was usually the last portion of most organisms to 
be digested. When food items had been recently en-
gulfed, the total wet weight of the stomach contents 
was taken and the percent of total weight was obtained 
for each group of organisms present. Intestine contents 
were also examined. The location of food in the digestive 
tract was often useful in determining the periods of feed-
ing. Stomachs of some predatory fishes from darter 
habitats were examined. 
Several scales were taken from the side of the body 
just above the lateral line at a point below the junction 
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of the two dorsal fins. Scales were placed in a drop of 
water on a slide and read on a scale projector with 
magnification of 45X ( described by Van Oosten 1923). 
The annuli ( represented by a crowding of circuli) were 
found only on the anterior field. Measurements were 
made of the scale radius, and of the distance from the 
focus to each annulus, and were used, along with total 
lengths, in back-calculating the length of the fish at the 
end of each year of life. 
Back-calculations of age at each annulus were an-
alyzed using a SUPAC program on the IBM 7094 
computer. A number of different regression lines were 
tested to determine which would give the best fit for 
scale radius-body length relationships. Because of greater 
variation in scale radius-body length relationships of 
larger fish, the logarithmic regression gave the best fit 
and was used in back-caculating lengths at each annulus. 
DISTRIBUTION AND HABITAT 
P. caprodes has the most extensive range of the four 
darters, occurring from southeastern New Mexico east 
to northwestern Florida and north to the Hudson Bay 
drainage. In Illinois it is found occasionally throughout 
the state ( Smith 1965). In the Kaskaskia River it was 
rare in the headwaters, occasional at Arcola, reached 
its greatest abundance in the Sullivan to Shelbyville 
area, was fairly common through the Vandalia area, 
and then was occasional downstream to the New Athens 
area (Table 2 and Fig. 4). 
In the area of the river from Sullivan to Shelbyville, 
P. caprodes was found in runs with moderate to fast 
current and medium to large gravel and rubble. The 
species has been reported in similar habitats in other 
parts of its range by Greeley ( 1927, 1928, 1929), 
Metcalf ( 1959), Blair ( 1959 ), and Trautman ( 195 7) . 
In the 1966 collection made with rotenone at the Eagle 
Creek station, nine individuals were taken in the pool, 
and six in the riffles. In the middle and lower portions 
of the river, most P. caprodes collected in riffles were 
young-of-the-year fish. 
P. maculata also has a wide distribution occurring 
from the lower Mississippi north to upper Minnesota 
and east to the Lake Ontario region. In Illinois it is 
widely distributed in the eastern two-thirds of the state 
but is sporadic in western counties ( Smith 1965) . In 
the Kaskaskia, it was occasional in the headwaters, 
relatively abundant from Arcola to Eagle Creek, com-
mon through the Vandalia area, and then sporadic 
throughout the rest of the river (Table 2 and Fig. 4). 
This species is migratory, and was more abundant in 
the headwaters in winter and spring than in summer. 
Larimore, Childers, & Heckrotte ( 1959) found it to be 
one of the first to repopulate Smith's Branch after a 
drought. 
In the Kaskaskia, P. maculata was usually found 
over a wider range of bottom types than the other 
darters studied. In riffles it was usually found in the 
deeper places where the current decreased. In the 1966 
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TABLE 2. -- Quantitative data on Percina from three years of collections with rotenone. Numbers are the total numbers of 
fish per acre of water. A zero indicates that the species was not collected in the sample . A dash indicates that no collection was 
made. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 
II 
12 
Station Number and Location 
Headwaters 
Arcola 
Sullivan-Bruce 
Eagle Creek 
Moore's Bridge 
Above Vandalia 
Below Vandalia 
Above Carlyle 
Below Carlyle 
Below New Athens 
Above Evansville 
Below Evansville 
a Area is given for 1966 collections. 
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P . maculata P . phoxocephala P . caprodes P. shumardi 
Area, 
Acres• '64 '65 '66 '64 '65 '66 '64 '65 '66 '64 '65 '66 
0 . 16 19 - - 0 - - 0 -
0 . 20 274 363 35 16 10 0 16 16 0 0 
0.27 231 337 122 0 143 159 38 77 26 0 
0.34 337 171 15 218 29 200 33 35 15 0 
0 . 38 52 43 11 158 31 100 6 13 5 0 
0.53 3 II 25 142 24 15 2 0 0 0 
0 . 30 0 19 40 12 97 233 5 16 53 0 
1.46 I 2 0 0 0 0 -
0.66 0 I 12 23 20 24 0 0 0 0 
1.28 0 - 0 17 - 13 4 - I 51 
0.69 0 - 0 2 4 17 6 518 
0.86 I 0 0 - 0 0 I 0 
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sample at Eagle Creek, nine individuals came from the 
pool and six from the riffles, the same numbers as for 
P. caprodes. In the Vandalia are::t P. maculata was often 
found around brush and logs where the current was 
slow. Variable habitat preference seemed to be gen-
erally characteristic, ranging from shallow, swift water 
over a hard bottom, often of rubble or rock ( Greeley 
1927, 1928, 1929) to sluggish water over muddy bot-
toms ( Scott 1954) . 
P. phoxocephala has the most restricted range of the 
darters studied, being generally limited to the Midwest. 
It occurs occasionally throughout Illinois except in the 
extreme northeastern and southern portions of the state 
( Smith 1965). In the Kaskaskia it was rare in the 
headwaters, was found fairly abundantly from the Sulli-
van area to Vandalia, and was occasional throughout 
the rest of the river (Table 2 and Fig. 4). 
It was found most often in the Kaskaskia over fine 
gravel with moderate to fast current in fairly shallow 
water, as has been reported in other parts of its range 
by Cross ( 1954, 1967 ), Deacon ( 1961 ), Metcalf ( 1959), 
Starrett (1950), and Trautman (1957). In the 1966 
collection at Eagle Creek, 175 of the 200 phoxocephala 
collected were from the riffles. In the Carlyle area it was 
often absent from some of the gravel riffles and was 
collected most often over a rubble bottom. I ts absence 
from gravel riffles at Carlyle may have been due to 
competition for both space and food with the abundant 
freckled madtom, Noturus nocturnus, and young channel 
catfish, I ctalurus punctatus. 
P. shumardi is generally restricted to large rivers. 
It ranges from western and northern Ontario south to 
the coastal plain of Texas and east through much of 
the Ohio and Tennessee river drainages to western 
Lake Erie. 
In Illinois this darter is distributed generally in the 
Mississippi River but is sporadic in the Illinois, Ohio, 
and Wabash rivers ( Smith 1965). In the Kaskaskia it 
was found exclusively from the New Athens area south, 
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where it was often abundant and usually outnumbered 
the other three species of Percina (Table 2 and Fig. 4 ). 
Forbes & Richardson ( 1920) found P. shumardi at Car-
lyle and Vandalia in the early 1900's, but it has not 
been collected from these stations since that time. 
P. shumardi was collected commonly in areas of 
moderate current over rubble and large gravel. It was 
usually taken in deep riffles and chutes with only the 
young being found in shallower water ( 2 feet or less). 
The abundance of these four darters at any station 
shows a great deal of yearly variation (Table 3) . How-
ever, the general distribution of these Percina throughout 
the whole river remains about the same. 
REPRODUCTION 
Winn (1958a, 1958b) found P. maculata utilizing 
pools and raceways to spawn where it laid its eggs 
in coarse sand or fine gravel in water a foot or more 
deep. Petravicz ( 1938 ) found it spawning over sand 
and gravel in water a foot deep and of moderate cur-
rent. The eggs are abandoned after fertilization. 
In the Kaskaskia (Sullivan area), P. maculata was 
the first of the four species to enter the riffles in num-
bers in the spring. As early as March 13, 1966, females 
had enlarged urogenital papilla and gonads with up 
to 2,000 enlarged eggs. Gonad weight comprised about 
17 percent of the body weight of adult females collected 
in March. Yearling females collected on April 18, 1966, 
had gonad weights ranging from 2 t'J 15 percent of the 
total body weight and egg counts ranging from 630 to 
860. The larger of these yearling females probably 
spawned, but the small ones had very small eggs and 
would not have spawned at the encl of their first year. 
All four species of Percina spawn from April to 
June. In 1965, fertilized eggs of P. maculata probably 
hatched in early May and young ranged in size from 
16 to 24 mm by June 8. In 1966, high waters apparently 
TABLE 3. - Number of individuals of Percina taken in 4 years of collections with rotenone at the 12 stations. A dash indicates 
no collection was made. 
P. maculata P . phoxocephala P. caprodes P. shumardi 
Station Number and Location '62 '64 '65 '66 '62 '64 '65 '66 '62 '64 '65 '66 '62 '64 '65 '66 
I Headwaters 3 0 0 0 
2 Arcola - 52 69 7 3 2 0 3 3 0 0 0 0 
3 Sullivan-Bruce 8 67 IOI 33 34 0 43 43 II 23 7 0 0 0 0 
4 Eagle Creek 7 91 53 5 8 59 9 68 9 II 5 0 0 0 0 
5 Moore's Bridge - 26 29 4 - 79 19 38 3 8 2 0 0 0 
6 Above Vandalia 3 3 II 13 9 142 25 8 I 2 0 0 0 0 0 0 
7 Below Vandalia 0 0 7 12 I 5 36 70 0 2 6 16 0 0 0 0 
8 Above Carlyle I I 0 0 0 0 0 0 
9 Below Carlyle 3 0 I 8 3 16 16 16 0 0 0 0 0 0 0 0 
10 Below New Athens 0 0 0 4 17 - 16 0 3 I 6 51 - 12 
II Above Evansville 0 0 0 I 2 3 I 17 4 8 518 6 
12 Below Evansville 0 I 0 0 0 0 2 0 I 3 0 0 
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interrupted much of the spawning and reproductive 
success was reduced from 1965 ( Table 4) . 
Reproduction of P. phoxocephala was later than for 
P. maculata. When floods occurred around the first 
of June 1965, reproduction of P. phoxocephala was 
poor. In 1966, high water came in April and May 
but was lower by June. Reproduction was greatly im-
proved over 1965 ( Table 4 ) . 
The large range in size of yearling P. phoxocephala 
(34-57 mm on April 18, 1966) indicated an extended 
spawning period . Another indication was the condi-
tion of a few females collected in August; they still 
had enlarged ovaries. One 80-mm female collected 
below Carlyle as late as August 11, 1965, had about 
330 medium to large eggs. At Vandalia on August 
5, 1965, three females had enlarged gonads with eggs. 
Though most of these eggs showed resorption, one 
female had two milky white eggs in the urogenital 
opening. Gonad weight in these females comprised 
about 6 percent of the total body weight, whereas 
others taken at the same time had reduced ovaries 
which comprised less than 0.5 percent of the total 
body weight. No males collected in August showed 
enlarged testes. 
Winn ( 1958b ) reported P. caprodes spawning over 
gravel and small rubble in riffles and raceways with 
fast current. The eggs are partly buried in the gravel 
during fertilization and are then abandoned ( Winn 
1958a) . In the Portage Lake outlet (Michigan) they 
spawned from April 1 to June l. The fact that no 
P. caprodes were collected in spring in the Kaskaskia 
suggests that they were spawning in deeper chutes or 
pools where collecting was difficult. Young-of-the-year 
were collected on June 16, 1966, in the Carlyle area. 
One fish 29 mm and another 50 mm long may have 
represented two different broods, one in April and 
one in May. 
P. shumardi spawned during April and May. Young 
collected on June 29, 1966, ranged in size from 36 to 
43 mm in total length. 
Annual gonadal changes were fairly similar in all 
TABLE 4. - Comparison of the number of young and adult 
Percina at the Sullivan and Eagle Creek stations. Fish are 
from the 1965 and 1966 collections made with rotenone. 
1965 1966 
Young Adult Young Adult 
Sullivan 
P. maculata 55 46 28 5 
P . phoxocephala 4 39 15 28 
P . caprodes 4 19 I 6 
Eagle Creek 
P. maculata 38 15 0 5 
P. phoxocephala 3 5 56 12 
P . caprodes 3 6 2 3 
of these darters. During the summer and early fall, 
the gonads were usually reduced in size. By October, 
the gonads began to increase in size, and body coloration 
became intensified. The gonads reached maximum de-
velopment in spring when water temperature, water 
levels, and possibly photoperiod helped determine the 
time of spawning. 
There is very little sexual dimorphism in the four 
species of Percina. Petravicz ( 1938) found that the 
ventral fins of male P. maculata were a little broader 
than those of the females. P. shumardi showed the 
greatest sexual dimorphism, the males hav~ng much 
longer anal fins. 
FOOD HABITS 
Stomach analyses were made on 93 P. maculata, 
103 P. phoxocephala, 36 P. caprodes, and 42 P. shu-
mardi. A list of all the food organisms found and identi-
fied in stomachs is given in Table 5. 
Food habits of both young and adult P. maculata 
at Sullivan were compared from spring (March- May), 
summer (June-August), fall (September- November), 
and winter (December-February) collections (Table 6). 
The greatest variety of organisms was eaten iq the 
summer. Dipteran larvae and pupae ( partici:ilarly 
chironomidae ) were an important part of the diet 
during all seasons. Simulid larvae predominated in 
the spring and fall. Crustaceans were found in stomachs 
only during the summer and winter. Baetids made up 
the greatest volume of food in the summer. 
Feeding intensity was heaviest in the spring. Stomach 
contents from three adult P. maculata collected on April 
18, 1966, weighed 132 .mg, 11 3 mg, and 112 mg, and 
were indicative of the generally full stomachs found 
at this time. Summer stomach contents usually weighed 
no more than 50 mg and in most cases less than 10 mg. 
Much or all of this difference in volume of food from 
spring and summer stomachs may be due to increased 
digestion rates in the summer. 
Young P. maculata showed a rapid change in food 
habits from a diet predominantly of microcrustaceans 
to one comprised mainly of insect larvae. Eight young-
of-the-year, ranging in size from 18 to 24 mm, col-
lected on June 8, 1965, were already eating chironornid 
larvae and ephemerid nymphs, a lthough Copepoda and 
Cladocera still predominated in the diet. The general 
difference in food habits between young-of-the-year 
and adults during the summer was a greater utilization 
of microcrustaceans and small insect larvae in young 
to greater utilization ( particularly by volume) of Ephe-
meroptera nymphs and Trichoptera larvae in adults. 
Turner ( 1921 ) found no change in food habits of 
P. maculata that ranged in size from 34 to 57 mm. 
Food habits of P. maculata at Vandalia and Carlyle 
were very similar to those in the Sullivan area, with 
baetid nymphs, chironomid, simuliid, and hydropsychid 
larvae predominating ( Table 7) . 
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TABLE 5. - Summary of food organisms found in four species of Percina from the Kaskaskia River in Illinois. The + symbol 
indicates that a particular family of food organisms was eaten. An X indicates that a particular species was identified from 
the stomach of the indicated species of darter. 
P. maculata P. phoxocephala P. caprodes P. shumardi 
Diptera 
Chironomidae + + + + 
Psectrocladius spp. x 
Psectrocladius nigrus x 
Pentaneura spp. x 
Tanytarsus spp. (larvae) x 
(pupae) x 
Chironomus ( Dicrotendipes} spp. x x 
Chironomus ( Dicrotendipes) nervosus x 
Orthocladius spp. x x 
Orthocladius thienemanni (?) x 
Polypedilum spp. x x 
Chironomini (pupae) x 
Simuliidae + + + + 
Ceratopogonidae + 
Rhagionidae + + 
Anthomyiidae + 
Ephydridae? + + + 
Ephemeroptera 
Baetidae + + + + 
Neocloeon alamance x 
Ameletus ludens x x 
Baetis spp. x 
Heptageniidae + + + + 
Heptagenia marginalis x x x 
Stenonema spp. x x 
Heptagenia spp. x 
Caenidae + + + + 
Caenis spp. x x 
Tricorythodes spp. x x 
Ephemeridae + 
Hexagenia limbata x 
Trichoptera 
H ydropsychidae + + + + 
Potamyia .ftava x 
Misc. "case builders" + + + + 
Plecoptera 
Perlidae + 
Neoperla clymene (?) x 
Coleoptera 
Elmidae + 
Stenelmis vittipennis x 
Haliplidae + 
Hemiptera 
Notonectidae + 
Odonata 
Zygoptera + 
Gastropoda 
Ancylidae + 
Ferrissia spp. x 
Crustacea 
Copepoda + + + 
Cladocera + + + 
Os tr a coda + 
Coll em bola + 
Pisces eggs + + + 
lnsecta eggs + + 
Plant material + + 
10 
TABLE 6. - Seasonal foods of P. maculata at Sullivan. "Young" refers to fish in their first year of growth; "adult" fish are 
those 1 year of age or older. "Frequency" is the percent of the total number of stomachs examined (including those empty) 
containing the item listed. "Average number" is the average number of items found in stomachs which contained that item. 
Spring Summer Fall Winter 
Young Adult Young Adult Young Adult Young 
( 11) (4) (23) 
--
Av. Av. 
Freq. No. Freq. No. Freq. 
Diptera 
Chironomidae 100 18.5 100 28.8 83 
Simuliidae 91 7.6 75 26.7 4 
Diptera pupae 55 2.2 25 4 30 
Diptera adults 
Anthomyiidae 25 
Ceratopogonidae 
Ephemeroptera 
Baetidae 57 
Heptageniidae 25 I 30 
Caenidae 9 
Miscellaneous 13 
Trichoptera 
H ydropsychidae 25 I 4 
"Case builders" 
Coleoptera 
Haliplidae 
Herniptera 
N otonectidae 4 
Crustacea 
Copepoda 65 
Cladocera 30 
Ostracoda 13 
Fish eggs 
Insect eggs 
Sand grains 9 
Plant fragments 4 
In a comparison of summer food habits of P. phoxo-
cephala in four areas of the river (Table 8), baetid 
nymphs, chironomid larvae, and hydropsychid larvae 
predominated as food items. Food habits were similar 
at all four stations, although there was increased utiliza-
tion of baetids and hydropsychids at the lower stations. 
Hydropsychids made up 80 percent of the volume of 
food in seven adults collected at Vandalia, and 72 
percent of the volume of food of six adults at Carlyle. 
Baetids made up the largest volume of food in young 
P. phoxocephala at Vandalia, demonstrating the differ-
ence in food habits of young and adults. 
In a comparative study of the three species at Sullivan 
(Table 9), P. caprodes was found to eat the greatest 
variety of organisms and to feed on groups such as 
Plecoptera, Odonata, Coleoptera and Gastropoda that 
were rare or absent as food of other Percina. P. caprodes 
also utilized more chironomids, dipteran pupae, hep-
tageniids, caenids, and hydropsychids than the other 
two species of Percina at Sullivan. 
Feeding habits of P. caprodes were found to change 
from a high utilization of chironomid larvae and dip-
(20) (10) (3) (5) 
Av. Av. Av. Av. Av. 
No. Freq. No. Freq. No. Freq. No. Freq. No. 
6.1 60 17. I 100 21.2 67 I 80 2.8 
4 5 3 30 16.3 33 10 20 6 
2 30 2.3 30 I 20 1 
10 I 
5 5 20 
10.5 60 10.8 60 2.7 67 16 20 
2.3 35 3. 1 10 I 
2 10 I. 5 
I 5 7 20 
2 15 10 50 3.2 67 3 40 1.5 
15 I 33 I 
5 
2 5 4 
25.9 30 5.7 80 84.8 
4 15 2 40 2 
I 
5 I 
10 3.5 10 I 
1.5 20 5.3 10 2 33 
2 5 I 10 I 
teran pupae in the young, b greater utilization of 
heptageniid and caenid nymphs and hydropsychid larvae 
in adults. In seven stomachs from adults collected in 
August of 1965, heptageniid nymphs made up an av-
erage of 73 percent of the total volume. 
Food habits of P. phoxocephala at Sullivan were 
similar to those of P. maculata; however, P. phoxoce-
phala utilized more hydropsychids than P. maculata 
and more simuliids than P. caprodes. 
Food organisms consumed by P. shumardi in the 
lower river consisted primarily of chironomid and hy-
dropsychid larvae (Table 10). This darter utilized 
fewer baetids than did the sympatric P. phoxocephala 
but otherwise feeding habits of the two species were 
similar. 
Time of Feeding 
Darters were found to feed throughout the daylight 
hours. When the water was warm and digestive rates 
were fast, estimates of feeding periods could be made. 
On August 17, 1966, fish were collected from the Sulli-
van station at five different times of the day and night 
r, 
r 
TABLE 7. - Summer foods of P. maculata at Vandalia and 
Carlyle. "Frequency" is the percent of stomachs examined con-
taining the item listed . "Average number" is the average num-
ber of items found in stomachs which contained that item. 
Vandalia Carlyle 
Young Adult Young 
(14) (2) (6) 
Av. Av. Av. 
Freq; No. Freq. No. Freq. No. 
Diptera 
Chironornidae 92.9 5.0 50.0 5 .0 100 .0 9 . 3 
Simuliidae 28.6 5 .8 100 .0 7.5 16.7 1.0 
Diptera pupae 7 . 1 3 .0 
Ceratopogonidae 7 . 1 3 .0 
Ephemeroptera 
Baetidae 78 . 6 8 . 2 100.0 43.5 16 . 7 13.0 
Heptageniidae 16.7 1.0 
Caenidae 7 . 1 3.0 
Trichoptera 
H ydropsychidae 64.3 I. 7 50 .0 12 .0 100.0 6 .2 
"Case puilders" 7 . I 1.0 50.0 2 .0 
Crustacea 
Copepoda 33 . 3 10 . 2 
Cladocera 16.7 4 .0 
Fish eggs 16 . 7 2.0 
Sand grains 33 . 3 2.0 
Plant materials 7. I 65 .0 50.0 16 .0 
11 
to determine times of feeding. At night ( 2: 00 AM), 
the stomachs and intestines of P. maculata and P. 
caprodes were empty, indicating that a number of 
hours had elapsed since those fish had fed. P. maculata 
collected at 7: 30 PM had an average of 18 relatively 
fresh organisms in their stomachs, indicating that they 
had fed until darkness. P. phoxocephala collected at 
2: 00 AM still had a few heads of food organisms in 
their stomachs, and most of the intestines contained 
food, indicating that they may have fed at least for a 
while after dark. This was also borne out by a col-
lection made on October 10, 1966, at 8: 45 PM ( a little 
more than 2 hours after dark ). P. phoxocephala stom-
achs contained food while most P. maculata stomachs 
were empty or had just a few organisms in the posterior 
portions of the stomachs. 
At all times feeding intensity was lower for P. 
phoxocephala than for the other Percina. The apparent 
extended feeding period of P. phoxocephala might com-
pensate for this. 
Food Selection 
Turner ( 1921) believed that food preference was 
not a factor in the distribution, except locally, of Ohio 
darters. Pearse ( 1918) stated, however, that most fishes 
selected specific items from the available food supply 
and this might affect distribution. In a comprehensive 
study, I vlev ( 1955, tr. 1961) stated that for the survival 
TABLE 8. - Comparison of summer foods of P. phoxocephala from four localities from the upper to the lower river. "Fre-
quency" is the percent of stomachs containing the item listed. "Average number" is the average number of items found in 
stomachs which contained that item. 
Sullivan Vandalia Carlyle New Athens-Evansville 
Young Adult Young Adult Young Adult Young Adult 
(11) (27) (10) (10) (12) (20) (9) (4) 
Av. Av. Av. Av. Av. Av. Av. Av. 
Freq . No. Freq. No. Freq. No. Freq. No. Freq. No. Freq. No. Freq. No. Freq. No. 
Diptera 
Chironornidae 100.0 5.2 44.4 2.4 90 .0 7 . 8 30 .0 I. 7 83.3 13 . 9 60 .0 2 . 2 88 . 9 9 . 9 100.0 4 .0 
Simuliidae 36.4 5.0 18 . 5 5 .2 30.0 I. 7 20 .0 1.0 8.3 2.0 11. I 1.0 
Diptera pupae 7 .4 1.5 10 . 0 1.0 8.3 3 .0 5 .0 1.0 11. I 1.0 
Ephydridae 11. I 1.0 
Rhagionidae 8.3 1.0 
Ephemeroptera 
Baetidae 36.4 3.3 29.6 2 .4 100.0 5. I 60.0 4.3 50.0 2.0 40 .0 5.9 66.7 12 . 7 50.0 1.5 
Hcptageniidae 36.4 2 .0 25.9 I. 3 40.0 I. 3 80 .0 1.4 41 . 7 1.0 40.0 3 . I 22 .2 1.0 
Caenidae 9 . 1 1.0 11.1 1.0 10.0 2 .0 8.3 1.0 
Ephemeridae 7.4 1.0 8 . 3 1.0 5.0 1.0 
Miscellaneous 9 . 1 2 .0 14.8 1.0 
Trichoptera 
H ydropsychidae 36 .4 4 .0 44.4 4 . 3 70.0 I. 9 100.0 7.6 50 .0 3.8 100.0 7 .2 88 . 9 6.4 100.0 18.0 
"Case builders" 8.3 1.0 
Fish eggs 9 . 1 1.0 8 . 3 22.0 5 .0 1.0 22 . 2 I. 5 
Insect eggs 5.0 10.0 
Sand grains 18.2 2 .0 50.0 1.8 8 . 3 11.0 30 .0 2 . 2 22 .2 1.0 25 .0 2 .0 
Plant material 11.1 1.0 
Collembola 22.2 2.0 
(Empty) 14 .8 16 . 7 
12 
TABLE 9. - Comparison of foods of young and adults of three species of Percina at the Sullivan station. "Frequency" is the 
percerit of stomachs examined containing the item listed . "Average number" is the average number of items found in stomachs 
which contained that item. 
P. maculata P. phoxocephala P. caprodes 
Young Adult Young Adult Young Adult 
(43) (22) 
Av. 
Freq. No. Freq. 
Diptera 
Chironomidae 88.4 13 . 5 77.3 
Simuliidae 34.8 8.5 22. 7 
Diptera pupae 37 .2 1.8 31.8 
Diptera adults 2 . 3 1.0 
Ephydridae 
Anthomyiidae 4.5 
Rhagionidae 
Ceratopogonidae 4.5 
Ephemeroptera 
Baetidae 41 .9 7.8 54.5 
Heptageniidae 18.6 2.1 36.4 
Caenidae 2 . 3 2.0 9.1 
Ephemeridae 
Misce!Ianeous 7.0 1.0 4 .5 
Trichoptera 
H ydropsychidae 13.9 3.0 18.2 
"Case builders" 13 .6 
Plecoptera 
Odonata 
Zygoptera-Coeragrionidae 
Coleoptera 
Elmidae 
Haliplidae 4 . 5 
Gastropoda 
Ancylidae 
Crustacea 
Copepoda 32.6 27.2 27.3 
Cladocera 16.3 4 .0 13.6 
Ostracoda 4 . 7 1.5 
Fish eggs 4 .5 
Insect eggs 2 .3 1.0 9.1 
Sand grains 7 .0 I. 7 22.7 
Plant material 4.7 1.5 4.5 
(Empty) 
of an overwhelming majority of animals, biotic factors 
were of decisive importance and that, among these 
biotic factors, feeding conditions occupied an excep-
tional position. He found definite preference/ avoidance 
patterns in food habits of certain fish and noted that a 
decrease in need for food resulted in increased selectivity 
for preferred forms of food. 
There was some evidence of selective feeding in 
species of Percina. Elmid beetle adults and stonefly 
nymphs which were often abundant in riffles were gen-
erally avoided by the darters. Also, P. maculata took 
a preponderance of chironomids and simuliids in the 
spring, even though other groups of food organisms 
were common. Certain groups of organisms (such as 
Chironomidae ) made up an important part of the 
diet in all Percina studied although different species of 
(11) (27) (7) (22) 
Av. Av. Av. Av. Av. 
No. Freq. No. Freq. No. Freq. No. Freq. No. 
18.9 100.0 5.2 44.4 2.4 100.0 36.9 100.0 15 . 3 
18.6 36 . 4 5.0 18 . 5 5.2 13.6 4.3 
2.6 7.4 1.5 57 . I 13.3 59.1 3.5 
4.5 2.0 
14.3 1.0 
1.0 
9.1 1.0 
5.0 
12.1 36.4 3.3 29.6 2 . 4 57 . I 3.5 36.4 3.5 
2.9 36.4 2.0 25.9 1.3 14.3 1.0 86.4 17. I 
1.5 9.1 1.0 11. I 1.0 42.9 3.3 86.4 6 . 7 
7.4 1.0 
7.0 9 . 1 2.0 14.8 1.0 4 . 5 1.0 
2.3 36.4 4.0 44.4 4.3 42.9 17 .7 50 .0 29.0 
1.0 18 . 2 1.0 
13 .6 2 .0 
28.6 1.0 
28 .6 2 .0 18.2 I. 5 
1.0 
57 . I 7.0 59 . 1 6.6 
5.7 42.9 4 . 3 9.1 1.5 
2.0 57. I 1.8 13 . 6 I. 7 
1.0 9.1 1.0 
28.0 13.6 27.0 
4.4 18.2 2.0 57 . I 5.5 63.6 6.7 
1.0 22.7 1.6 
14.8 
larvae were eaten in different habitats and in different 
sections of the river. 
GROWTH AND POPULATION STRUCTURE 
All fish were aged by the scale method. Back-calcu-
lations of length at each annulus were made from the 
logarithmic regression of scale length to body length. 
The following regression equations were used: P. macu-
lata (Log Y = -0.3885 + 1.0449 Log X), P. phoxoce-
phala (Log Y = -0.3530 + l .0166 Log X), P. caprodes 
(Log Y = -0.8150 + 1.2654 Log X), and P. shumardi 
(Log Y = -0.1229 + 0.9397 Log X ), where Y = 45 
times the anterior radius of the scale in millimeters 
and X = total length of the fish in millimeters. 
Length-weight relationships were determined by use 
TABLE 10. - Summer foods of P. shu mardi at New Athens 
and Eva nsville. " Frequency" is the percent o f stomachs exam-
ined conta ining the item listed. "Average number" is the 
average number of items found in stomachs which contained 
that item. 
Diptera 
Chironomidae 
Simuliidae 
Diptera pupae 
Ephydridae 
Ephemeroptera 
Baetidae 
Heptageniidae 
Caenidae 
Miscellaneous 
Trichoptera 
H ydropsychidae 
"Case builders" 
Crustacea 
Copepoda 
Cladocera 
Fish eggs 
Sand grains 
(Empty) 
Young 
(30) 
Average 
Freq. Number 
60 20.6 
3 1.0 
13 2.3 
10 1.0 
7 1. 5 
3 1 .0 
3 1.0 
43 11. 9 
3 1.0 
7 13 .0 
7 4 . 5 
10 5.0 
7 5 . 5 
23 
Adult 
(12) 
Average 
Freq. Number 
67 
8 
25 
8 
2.5 
2.0 
1.0 
1.0 
17 1.0 
17 1.0 
92 10 . 3 
8 4.0 
8 11.0 
of the formula Log W· = Log a + n Log L, where W = 
weight, L = length, and a and n are constants (Lagler 
1956) . The following equations were found for each 
of the four species : P. maculata (Log W = -5.7934 + 
3.4207 Log L ) , P. phoxocephala (Log W = -5.2443 + 
3.1332 Log L ) , P. caprodes (Log W = -6.2807 + 3.6412 
Log L ) , and P. shumardi (Log W = -5.6099 + 3.3701 
Log L ) . P shumardi showed the fastest increase in 
weight with length and was the most robust of the 
four species. P. caprodes was by far the largest of the 
four species of Percina. 
Early growth of all darters was rapid and by the 
end of the first year they had reached 60-70 percent 
of their total length. M ost of the growth occurred 
from June through mid-September, as was found , for 
example, for P. maculata in 1965 (Fig. 5 ). 
In their second year of life, the males of all four 
species averaged slightly larger than females, but the 
difference in growth between males and females (Fig. 
6- 9 ) was not statistically significant. Raney & Lachner 
( 1943) found that the males of Etheostoma olmstedi 
grew faster than the females. In the latter as well as 
in many other species of darters having faster-growing 
males, the males guard a territory. In P. maculata the 
male does not guard a territory and the sexes attain 
equal lengths ( Petra vicz 1938 ) . 
Rate and pattern of growth of P. shumardi were 
similar to those of P. m aculata (Table 11 ). Growth 
of P. caprodes was faster than growth of the other three 
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Fig. 5 . - Early growth of P. mact:tlata from June 1965 to 
April 1966. Line represents average lengths . The length range 
is shown for each of five collections. 
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Fig. 6. - Growth of P. maculata throughout its life. Fish 
are from August 3, 1965 rotenone collection at Sullivan. The 
sexes are shown separately and actual numbers used in the 
averages for each year-class are shown. 
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Fig. 7. - Growth of P. phoxocephala throughout its life. 
Fish are from the August 3, 1965 rotenone collection at Sulli-
van. The sexes are shown separately and actual numbers used 
in the averages for each year-class are shown. 
species, and this species averaged 71.5 mm in total 
length at the end of the first year. P. phoxocephala 
were smaller than P. maculata at the end of the first 
year, possibly because the P. phoxocephala bred later 
in the spring. In Boone County, Iowa, Karr ( 1964) 
found that P. maculata grew faster throughout their 
life span than did P. phoxocephala. The mean calcu-
lated lengths at the end of the first year were 34.1 mm 
for P. phoxocephala and 34.7 mm for P. maculata. 
My data showed that during their second and third 
years of life, P. phoxncephala grew slightly faster than 
P. maculata. Also, growth for both of these species 
was much faster in the Kaskaskia, where P. phoxo-
cephala averaged 45 .3 mm and P. maculata 50.9 mm 
at the end of the first year. 
Growth for P. phoxocephala was compared at Sulli-
van and Carlyle. Three-year-old fish showed slightly 
faster growth at Sullivan, but 1- and 2-year-old fish 
were larger at Carlyle. The differences found in 1-year-
old fish at Sullivan and Carlyle in 1965 were not signifi-
cant. The growing season was probably somewhat longer 
and spawning earlier at Carlyle, but the Sullivan area 
provided a more favorable habitat for this species. 
The oldest individuals found were two P. maculata 
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Fig. 8. - Growth of P. caprodes throughout its life. Fish 
are from the August 3, 1965 rotenone collection at Sullivan. 
The sexes are shown separately and actual numbers used in the 
averages for each year-class are shown. 
collected in . August, 1965 at Sullivan which were in 
their 5th year of life. No 4-year-old fish were found 
in any of the other three species. Very few of these 
Percina live past their 3rd year. 
The population structures of these darters varied 
with the species' abundance and its success in reproduc-
tion. Yearly changes in population structure at a station 
were sometimes quite great, as shown in Tables 2 and 
3. In 1965, the population of P. maculata at Sullivan 
was composed of approximately 50 percent young-of-
the-year. Further downstream the smaller populations 
of this species were comprised mainly of young (Fig. 
10 ). Only P. maculata and P. phoxoce phala were abun-
dant enough to permit population comparisons at the 
three main collecting stations ( 3, 6, 9) . 
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Fig. 9. - Growth of P. shumardi throughout its life. Fish 
are from the August 13, 1964 rotenone collection at New Athens. 
The sexes are shown separately and actual numbers used in the 
averages for each year-class are shown. 
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TABLE 11. - Weighted mean calculated total lengths and 
growth increments for Percina collected from June 1965 to June 
19668 • 
Number 
Age at Last Annulus of Fish 
P. maculata 
4 
3 
2 
I 
Weighted mean 
Increments 
of Growth 
P. phoxocephala 
3 
2 
I 
Weighted mean 
Increments 
of Growth 
P. caprodes 
3 
2 
I 
Weighted mean 
Increments 
of Growth 
P. shumardi 
2 
I 
Weighted mean 
Increments 
of Growth 
4 
3 
19 
44 
7 
20 
39 
2 
8 
II 
3 
8 
Average Calculated 
Total Length in Millimeters 
at Indicated Year of Life 
II III IV 
44.4 58.6 68.3 78.7 
46.7 61.0 70.9 
49.3 64.7 
52.4 
50.9 63.3 69.4 78.7 
50.9 12.4 6.1 9.3 
43.6 59 . 0 67 . 6 
43 . 6 61. 2 
46.4 
45.3 60.6 67.6 
45 . 3 15.3 7.0 
71. 5 100.0 121.5 
72.9 106.7 
70.4 
71.5 105 . 9 121.5 
71. 5 33 . 9 16.1 
46.3 64.9 
49 .4 
48.6 64 . 9 
48.6 16.3 
'l Six of the P. shumardi were collected in August. 1964. 
p phoxocepholo 
A ~ 
f? moculoto 
15 10 5 0 5 10 15 5 0 5 
VANDALIA CARLYLE 
1965 POPULATION STRUCTURE AT THREE STATIONS 
Fig. 10. - Population structure of P. phoxocephala and P. maculata at three stations ( from collections with rotenone, Au-
gust, 1965). Horizontal scale represents the actual number of fish in each year-class. 
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The small number of young P. phoxocephala in the 
Sullivan area in 1965 appeared to be the result of 
liigh waters during the breeding season. In the Carlyle 
area there were more P. phoxocephala adults than 
young. Part of the population here may have repre-
sented an influx from more favorable areas. Reproduc-
tion was poor in this section of the river and mortality 
of young may have been high. 
P. phoxocephala in the Vandalia area may have 
spawned before the floods occurred in early June of 
1965. This was the only area where reproduction was 
successful for this species in 1965. 
LIMITING FACTORS 
Stream size is an important factor in the distribution 
and abundance of the four darters in this study. P. 
maculata is generally most abundant in small rivers. 
Larimore & Smith ( 1963 ) found for Champaign County, 
Illinois, that this species reached its greatest abundance 
in streams with 4-8 square miles of drainage. P. phoxo-
cephala and P. caprodes are found most abundantly 
in moderate-sized rivers. Probably the riffle-pool ratio 
of a moderate-sized river plus a variety of habitats make 
this size of stream most favorable. P. shumardi is gen-
erally limited to large rivers. 
Stream gradient also appears to be an import,mt 
factor. P. maculata, P. phoxocephala, and P. caprodes 
all reach their greatest abundance in the area from 
Sullivan to Shelbyville where the gradient is one of the 
highest in the river (Fig. 3 and 4). 
Type of bottom may be an important limiting 
factor, particularly during the breeding season. Winn 
( l 958a, 1958b) found that both P. maculata and P. 
caprodes used sand and gravel in which to lay their 
eggs. Long stretches of silt bottom pools (such as at 
stations 8 and 12, Fig. 2) in the middle and lower 
sections of the Kaskaskia probably limited the distribu-
tion of these darters. 
The timing of floods also is a limiting factor. Starrett 
( 1951 ) found that the usual high river stages in May 
and June limited the abundance of early spawning 
species in the Des Moines River and perhaps postponed 
spawning of some species of fish. The effects of the 
time of floods on reproduction are shown in Table 4. 
Floods also mean high turbidity and possible destruction 
of eggs during the breeding season. 
Competition may be important in limiting numbers 
of individuals, particularly at high population levels. 
Food analyses of the freckled mad tom, Noturus nocturnus 
and of young channel catfish, I ctalurus punctatus, indi-
cate that during the summer they may be competing 
with P. phoxocephala not only for food but for space 
in the limited riffle areas at Carlyle. 
Human alteration of the river has apparently affected 
at least the local distribution of these darters. Dredging 
and straightening of the channel has occurred in the 
headwaters and is now being carried out in the lower 
river. Carlyle Reservoir was partially filled before the 
completion of this study and the Shelbyville Reservoir 
was scheduled for completion later in 1970. Pollution 
is important at times throughout the length of the 
river. Industrial pollution from a chemical plant near 
Tuscola has occasionally killed fish for many miles 
downstream. Pollution frQILI fertilizer companies has 
also been responsible for a few fish kills. All of the 
above factors have affected the abundance of Percina 
in the area of our studies. 
PREDATION AND PARASITISM 
No evidence of predation on these darters was 
found in the Kaskaskia River. Many stomachs of preda-
tory fish were examined, including the largemouth bass, 
Micropterus salmoides; black crappie, Pomoxis nigro-
maculatus; white crappie, Pomoxis annularis; green 
sunfish, Lepomis cyanellus; rock bass, Ambloplites rupe-
stris: and grass pickerel, Esox americanus; and the only 
darters found were a few specimens of the johnny 
darter, Etheostoma nigrum. 
Two species of external parasites were found on 
three of the Percina studied. These included a small 
leech, Illinobdella moorei (?), and the copepod parasite 
Lernaea sp. There appeared to be very few internal 
parasites although a few nematodes were found in the 
stomachs. 
The incidence of external parasites ( excluding small 
trematodes ) appeared to increase toward the end of 
the summer and early fall. No parasites were found 
on darters during the spring, but in the August, 1965 
collection with rotenone at Sullivan 11 percent of the 
P. maculata, 15 percent of the P. phoxocephala, and 22 
percent of the P. caprodes were affected with external 
parasites. Most darters' had from one to four leeches 
on the caudal fin , although a few leeches were also 
found on the pelvic, pectoral, and anal fins. Copepod 
parasites were much less . common and were usually 
found at the base of the soft dorsal fin . 
No parasites were found on darters collected in 
the lower river. 
Copepod parasites appeared to do the most damage, 
as areas of the back where these parasites were found 
were often soft and infected. Very little external harm 
was done by leeches, although some fins were slightly 
damaged. 
HYBRIDIZATION 
In the Kaskaskia River, hybridization appeared to 
be very rare between members of the genus Percina. 
However, in the 1965 rotenone collection from the 
Sullivan area, two individuals were found which were 
hybrids of P. maculata x P. phoxocephala. Their identi-
fication was verified by Milton B. Trautman of Ohio 
State University, and they are now in the Ohio State 
collection (catalog number OSM 14019 ) . 
The two hybrids belonged to two different year-
classes. The first individual was 63 mm in length, 
weighed 2.22 grams, and was in its second year of 
life. It looked superficially like P. maculata except for 
having 12 dorsal spines and 12 lateral blotches similar 
to those of P. phoxocejJhala. The second individual 
was 75 mm, weighed 4.25 grams, and was in its third 
year of life. It looked superficially like P. phoxocephala 
with an orange band on the spiny dorsal. However, 
it had 14 dorsal spines, 9 lateral blotches, and a large 
teardrop similar to P. maculata. 
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Most hybrid Percina that have been reported in the 
literature have P. caprodes as one parent. Trautman 
( 1948) found that in low-gradient streams entering 
Lake Erie, ecological barriers which separated spawning 
P. caprodes and P. maculata in moderate-gradient 
streams were broken down, leading to hybridization. In 
the Kaskaskia at Sullivan, high and turbid waters 
during the breeding season may have been the main 
factor leading to hybridization. 
Station 3 area of the Kaskaskia River, just below the mouth of Jonathan Creeif near Sullivan, Illinois. 
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